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@ Total cross section of neutron induced-charged particles is divided into productions of
discrete levels and contiuum state,

N
(n,Xtot) = > (N, X;) + (N, Xcont),
=0

where x is particles like n, p, « and so on, N is number of discrete levels used.
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Angular distributions of (n,p) and (n,«) reactions

Angular distributions of discrete levels for (n,p) and (n,«)

reactions on 3°C|
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Energy spectra of (n,p) and (n,«) reactions

Double differential crosss sections of emitted particles
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Status of evaluations for emitted charged particles in ENDF/B-VIII.0

@ Status of evaluations on (n,x) reactions in ENDF/B-VIII.O
(x=p,d,t,a) (total: 557 nuclei)

Particle A B C D
proton (p) 189 265 9 94
alpha () 163 273 25 96

deuteron (d) 18 246 4 289

triton(t) 14 227 3 313

@ (N,Xtot)=(N,Xjevel)+(N,Xcont), level: g-s, 15 excited level, 2™ excited level, . . .
@ A: (Nn,X/ever) @nd (N,Xcont)

@ B: (n,x¢ot) only

@ C: (n,Xjeyel) OF (N,Xcont)

@ D: no data
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LENZ geometry modeling using MICNP 6.2
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MCNP Simulation for Ni isotopes in ENDF/B-VIII.O
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Status of (n,p) & (n,a) reaction cross sections in ENDF/B-VIII.O
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Energy spectra shifted to low energy region
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Angular distribution of Hauser-Feshbach formalism in CoHs

Blatt-Biedenharn Formalism:

do
(E), = EL: By Py (cos8,) .

where the Legendre coefficient,

cf.
B l (_)!“ fatos=sa | Ig—1Ia+s
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Data with various forms in ENDF/B-VIII.O

@ Several cases

@ Cross sections and double differential cross sections (DDX) for total
(n,p) and (n,a) without data of discrete levels

e Cross sections for discrete levels with isotopic distributions

e Cross sections for discrete levels but no data for continuum state

e Implicit or explicit spectra

@ (No) Discrete v emissions for discrete levels of (n,p) and (n,«)

@ Consistent form saved in new evaluations

e Discrete levels and continuum state are separately saved in MF3

e Angular distribtuions for discrete levels are saved in MF4

e Energy-angular distribtuions for continuum are saved in MF6

e Photon trasitions are saved in MF12 for their multiplicity and MF14
for probability.

@



Los Alamos National Laboratory

Replacing/Adding new angular distributions and energy spectra

@ Summary for calculating and formatting (n,p) and (n,«) reaction
cross sections

e Adopting cross sections of ENDF/B-VIII.O for (n,p) and (n,«) if data
available, where threshold energies are recalculated using mass
data by Audi2012 and FRDM2012

e Calculated by CoHs for cross sections of discrete levels if no data
available, where (n,ptt) and (n,ait) are normalized to those of
ENDF/B-VIII.O.

e Calculated by CoHj; for angular distributions and energy spectra of
(n,p) and (n,«) reactions

e Formatting: DeCE

e Processing: NJOY2016

e Simulation: MCNP-6.2

m
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Normalization/Adding

*Ni(n,p)
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Comparison to angular distributions for >Fe
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Implicit/Explicit Spectra

ENDF/B-VIII.O new evaluation
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Newly updated Nuclei

Numbers of discrete levels in the residual nuclei included to calculate (n,p) and (n,a) reaction cross sections. The num-
bers in parenthesis present the number of discrete levels given in ENDF/B-VIII.O, where ‘0" stands for no partical cross
section given in the evaluation.

Target p o | Target p Q | Target p o
2TAl 20 (20) 20 (20) 0Cr 10 (0) 10 (0) 647n 10 (0) 10 (0)
G 14 (14) 16 (16) “lCr 10 (0) 10 (0) 557n 10 (0) 10 (0)
206 16 (16) 20 (20) B30y 10 (0) 10 (0) 667Zn 10 (0) 10 (0)
30Gj G (6) 12 (12) BCr 10 (0) 10 (0) 677n 10 (0) 10 (0)
G 1(1) 15 (15) MCr 10 (0) 10 (0) "B 7Zn 8 (0) 10 (0)
B8 1(1) 1 (1) MFe 34 (34) 24 (24) 697n 17 (17) 18 (18)
L8| 30 (30) 21 (21) Fe 10 (10) 19 (19) 0Zn 1 (0) 1 (0)
) 16 (16) 32 (32) ""Fe 18 (18) 39 (39) T As 10 (0) 10 (0)
el 10 (0) 6 (6) *Fe 17 (17) 10 (10) TAs 10 (0) 10 (0)
K 10 (0) 10 (0) "Nj 10 (0) 10 (0) W7y 12 (12) 9 (9)
10K 10 (0) 10 (0) NG 10 (0) 10 (0) MNZr 6 (6) 10 (40)
K 10 (0) 10 (0) BONj 10 (0) 10 (0) 27y 1(1) 1() (40)
6T 10 (0) 10 (0) SING 10 (0) 10 (0) B r 17 (17) 7 (27)
&Iy 10 (0) 10 (0) Y2Ni 10 (0) 10 (0) RVA 10 (10) 4(1 (40)
48 10 (0) 10 (0) 63Nj 26 (26) 28 (28) %Zr 16 (16) 9 (9)
ol b 10 (0) 10 (0) GINj 10 (0) 1{0) W7y 3(3) 10 (10)
ol ¥ 9(0) 10 (0) *8Co 40 (40) 40 (40) 07Ag 10 (0) 10 (0)
oy 40 (40) 40 (40) 5Co 10 (0) 10 (0) 109 A o 31 (31) 2 (2)
oy 10 (0) 10 (0) G3Cn 10 (0) 10 (0) 180y 10 (0) 10 (0)
Y 10 (0) 10 (0) 64Cu 40 (40) 40 (40) Sl 10 (0) 10 (0)

55Cu 10 (0) 10 (0) 197 A 10 (0) 10 (0)

i 0 ) 10
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Angular distribution for (n,p) and (n,a) on *°Ni
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MCNP Simulations for ®°Ni

ENDF/B-VIII.O new evaluation
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MCNP Simulation for Ni isotopes in new evaluations
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Comparison with experimental data (Brass target: 65 % "aCu + 35 % "Zn)
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Summary and Outlook

Submitted to Nucl.
Instr. Meth. A (2019)

@ Energy-angular distributions for neutron induced-charged particles
62 nuclei have been calculated by Hauser-Feshbach model code,

COH3.

@ The measured data by the LENZ chamber for °*Fe is at the last
stage for analysis and will be compared to newly calcuated

angular distributions soon.

@ It would be suggested to incorporate newly updated angular
distributions and energy spectra of neutron-induced charged

particle reactions into next ENDF/B version.
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